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ABSTRACT 
This senior thesis project is designed to assist Optometry students 
in the study of Ocular Anatomy and Physiology. In this computer software 
program in Hypercard® with Macintosh® formatting, the student selects 
topics of interest and level of information complexity. The program 
features a self-quizzing format whereby ocular structures are graphically 
displayed with on-screen "buttons" located on or near specific structures. 
When activated with the "mouse" controller, a hidden box is revealed that 
contains pertinent information concerning the structure's anatomical 
name, clinical significance, and physiological relationship. The program 
serves as a highly useful supplement to classroom materials, especially 
for students preparing for the Basic Science portion of the National Board 
of Examiners in Optometry Test. The program also offers flow-chart 
diagrams and charts of key ocular and visual pathways. All scenes have 
the capability to be printed so that the material can be utilized for future 
reference. 
INTRODUCTION 
This program reviews several key areas of ocular anatomy and 
physiology with respect to ocular blood circulation, innervation, and 
embryological tissue origin, as well as key anatomical pathways of 
clinical and academic importance. The program offers an introduction 
including an automated demonstration phase to familiarize the 
inexperienced or first-time user with the operation and benefits. 
The operator/user need only be able to use the Macintosh® mouse 
controller, aiming the screen pointer (shaped like a hand) to the 
appropriate structure and corresponding "Button" for which information is 
desired. This feature allows even a first-time computer user to fully 
operate the program with their concentration on the material contained 
therein, rather than being preoccupied with the operation of the program 
itself. 
When the structure "Button" is clicked on using the mouse, a hidden 
message box appears that reveals information about that particular 
structure. The message box can then be hidden again by either pressing the 
"button" again, or moving to another scene. 
In figures A, C, E, and I, the illustration shows the buttons on each 
of the vessels before they are activated by the mouse. In figures B and C, 
the illustration shows the message boxes that are displayed when the 
buttons are activated. Notice that the when the message box is displayed, 
the buttons are highlighted (the buttons turn from having a white center 
to having a black center). This is important so that the user can monitor 
activity in each scene. 
The unique feature of this program is that it enables the user to 
first mentally quiz themselves as to the structure name and/or 
importance and then activate the "Button" on the structure to verify their 
answer. Some users may use the program as a first-time instructor, by 
exposing the hidden messages, then choosing the print option that is 
available on every scene, thus adding this hard copy to their notes. 
The illustrations also offer a choice of general versus detailed 
perspectives. The more general the scenes, the less information is 
revealed (see figures D, K, M, 0, P, S). The user therefore has the choice of 
what level they wish to study. In contrast, aspect scenes are ones that 
highlight a particular area (see figure E) and offer a more detailed 
perspective of the structure, such as its physiological function, its 
relationship to other structures, and where appropriate, its clinical 
significance (see figures F, G, L, N, Q, R, T). 
'Demonstration 'Message ~O<\". 
'lliis is the type of message that you 11Ji{[ fintl in tliis program. 
'lliis DO<( 1JJi{[ De li.idden from view unti{ its respective DUtton is 
activatetf. 'lliis en®fes you to test your k_nowfedjje and isofate 
areas of strengtft an.tf weak.,ness. In a moment, you may dick_ on 
''Main 'Menu·, an.tf Deoin tlie program. 
FIGURE B 
CONTENTS 
The subjects offered can be chosen from a main menu. They include: 
I. TOPICS CONCERNING OCULAR CIRCULATION: 
A. A general overview of the ocular circulatory system. 
B. Medial, intraocular, and lateral detailed aspects (figures E, F, 
G, H). 
C. External carotid artery. 
D. Blood supply to the extraocular muscles (figures I, J). 
II. TOPICS CONCERNING OCULAR INNERVATION: 
A. General overview of efferent and afferent nerves that directly 
relate to the eyes. 
B. Overview specifically of ocular innervation. 
C. Superior, intraocular, and inferior aspect scenes. 
D. Pupillary pathways and clinical signs of lesions in this 
system. 
Ill. RELATED TOPICS: 
A. Circle of Willis: General and detailed scenes. 
B. Cavernous sinus: General and detailed scenes. 
C. Cranial nerves: General and detailed scenes. 
D. Embryological tissue origins. 
IV. KEY OCULAR PATHWAYS: A SCHEMATIC, FLOW-CHART 
ANALYSIS OF KEY PATHWAYS OF THE VISUAL SYSTEM 
INCLUDING: 
A. Corneal reflex: afferent and efferent pathway. 
B. Pupillary light reflex. 
C. Blood supply to the extraocular muscles (chart). 
D. Bones and fissures of the orbit. 
E Major venous routes of the eye and brain. 
F. Passageways of major ocular vessels and nerves. 
G Normal visual field parameters and disk to fovea relationship. 
H Muscle insertions and significant muscle actions. 
I. Autonomic nervous system pathways to the eye: Sympathetic. 
J. Autonomic nervous system pathways to the eye: 
Parasympathetic. 
K. Pathway for lateral conjugate gaze. 
L. Orientation of the optic chiasm ganglion nerve bundles. 
M Accommodation I convergence reaction pathway. 
N. Lacrimal drainage system. 
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FIGURED 
Anterior Ethmoidal Artery 
Along with the Posterior Ethmoidal Artery, 
this branch supplies the ethmoidal sinuses 
and the mucous membranes of the nose 
(This branch is not concerned with ocular 
circulation) 
nedta! Aspect 
. ····~:· : :· ... 
FIGURE E 
FIGURE F 
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Anterior Ciliary Artery 
7 in all, these arise from each of the 4 recti 
muscles; 2 each from the superior, inferior, 
and medial recti, and 1 from the lateral rectus. 
1 
•• Together with the Long Ciliary Artery, they 
anastomose to form the Major Circle of the 
Iris, which supplies the iris and ciliary body. 
Also, they send collateral branches to supply 
the anterior aspect of the conjunctiva 
Ophthalmic Artery 
A direct branch of the Internal Carotid, is the 
sole blood supply to intraocular structures. 
A lesion here will result in total blindness 
since the Central Retinal Artery supplying the 
inner layers of the retina and the Short Ciliary 
Arteries supplying the outer layers would be 
affected 
Long Posterior Ciliary 
After passing through the suprachoroid, this 
quadfricates into 2 superior and 2 inferior 
branches, and together with the Anterior Ciliary 
branches (from the recti muscles) form the 
Major Circle of the Iris. Supplies the iris and 
ciliary body 
'Lntraocu!ar Aspect 
Ophthalmic Artery 
A direct branch of the Internal Carotid, is the 
sole blood supply to intraocular structures. A 
lesion here will result in total blindness since 
the Central Retinal Artery supplying the inner 
layers of the retina and the Short Ciliary 
Arteries supplying the outer layers would be 
adversely affected 
LateraL Aspect 
Choriocapill aris 
Responsible for supplying the outer 
layers of the retina to the outer 
plexiform layer, the choriocapillaris 
contains by far the highest volume of 
blood of any ocular structure. This 
extensive blood supply is necessary 
in order to function as a heat sink, or 
"radiator", which dissipates heat 
generated by light striking the 
photoreceptors and the pigmented 
epithelium. The Choriocapillaris has 
large capillary fenestrations probably 
to allow large molecules of Vitamin A 
to be transported to the Retinal 
Pigmented Epithelium then ultimately 
to the photoreceptors for pigment 
regeneration 
FIGUREG 
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Zygomatic 
A branch off the Lacrimal, this 
supplies the skin of the temple 
Lacrimal 
Largest of the Ophthalmic branches, directly 
supplies the lateral and superior recti muscles 
and the lacrimal gland. Has numerous branches, 
with several areas that form an anastomosis 
with the External Carotid 
FIGURE H 
nu.scl£ 8u.ppty 
Superior Oblique is supplied by the Lateral 
Muscular and Supraorbital Arteries 
Lateral Rectus is supplied by the Lateral 
Muscular and the Lacrimal Arteries 
FIGURE I 
Superior Rectus is supplied by the Lateral 
Muscular, Supraorbital, and Lacrimal Arteries 
Medial Rectus is supplied by the 
Medial Muscular Artery 
Inferior Oblique is supplied by the Medial 
Muscular and Infraorbital Arteries 
nu.scl:.e 8u.ppty 
Inferior Rectus is supplied by the Medial 
Muscular and Infraorbital Arteries 
FIGUREJ 
Internal Carotid Artery 1 
Trochlear (Cranial Nerve IV) I 
Circl:e of WUli,s 
Ue.neraL 
Ophthalmic Artery 
Responsible for all blood supply to 
the globe and the extraocular 
muscles. Follows a tortuous path 
and is located in the dural sheath of 
the Optic Nerve. Enters the orbit 
through the Optic Foramen 
Trochlear (Cranial Nerve IV) 
The only cranial nerve that exits 
posteriorly. It crosses the midline 
so the right Trochlear innervates 
the left Superior Oblique muscle 
Circl:e of WUli,s 
Descriptive 
FIGURE K 
FIGURE L 
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Anterior Choroidal Artery I 
Posterior Cerebral Artery I 
Middle Cerebral Artery 
Largest branch of the Internal 
Carotid, supplies the medial aspect 
of the cerebral hemispheres. 
Supplies the Optic Chiasm, the 
Optic Tract, the Optic Radiations, 
and the Visual Cortex 
Posterior Cerebral Artery 
A branch off the Basilar Artery, 
supplies the Lateral Geniculate 
Nucleus, Optic Radiations, and the 
Visual Cortex 
OtfacttJry I 
Crania! Nerves 
Bene rat 
Trigeminal V 
Chews and feels the front of the 
head. Responsible for sensory 
afferent information from the eye. 
Originates in the lateral aspect 
of the pons. At the Semilunar 
Ganglion, the Trigeminal 
branches. The Ophthalmic 
branch enters the orbit thru the 
Superior Orbital Fissure, and is 
responsible for all sensory 
information from the eye; the 
Maxillary branch enters thru the 
foramen rotundum; the 
Mandibular branch passes thru 
the foramen ovale 
Crania! Nerves 
Descri.pti.ve 
Trochlear IV 
Innervates the Superior Oblique 
muscle. Originates in the roof of the 
midbrain, at the level of the Inferior 
Colliculus. Enters the orbit thru the 
Superior Orbital Fissure above the 
Annulus of Zinn 
Accessory XI 
Turns the head and lifts 
shoulders. Originates in the 
medulla and passes thru the 
Jugular foramen. 
Superior 
Overview 
£lenera£. 
Ocul:ar Overview 
Maxillary Nerve • 
Mandibular Nerve ' 
FIGURE P 
Supraobital Nerve 
Is a brsnch off of the Frontal nerve, that 
e:>dts the orbit through the supraorbital notch 
and sends brsnches to the: 
conjunctiva, skin of the upper lid, the forehead 
the frontalis muscle, the scalp and frontal sinus 
Nasociliary Nerve 
Is a branch off of the ophthalmic nerve that 
enters the orbit through the medial part of the :i~~~~5~~=~:~~;~~=~----l superior orbital fissure and within the annulus of zinn, it then runs obliquely beneath the superior rectus and superior oblique. This nerve carries 
8u.peTWT 
Ocu.t:aT DetaiL 
FIGUREQ 
FIGURER 
only sensory information and has five main 
branches which are: the short ciliary, long 
ciliary, anterior and posterior ethmoidal,and 
infratrochlear nerves. 
Long Ciliary Nerve I 
Short Ciliary Nerve I 
ltlh Optlc Ttact 
Adie's Pupil 
In this condition the pupil has 
a decreased or absent light 
reflex, a slow or delayed 
contraction to near vision, and 
a slow or delayed dilatation in 
the dark. This benign 
syndrome, probably caused 
from a disorder of the 
parasympathetic innervation 
of the constrictor pupillae 
muscle, must be 
distinguished from an Argyii-
Robertson pupil by using 
cholinergic agents such as 
2.5% mecholyl or 0.125% 
pilocarpine. Adie's pupil is 
hypersensitive to cholinergics. 
PupiUary 
Pathway 
1fomer's 
Pupil 
c 
Accessory Ganglion I 
Oculomotor Nerve Nucleus ' 
Superior Brachium Fibers 
Lesion of Ciliary 
Ganglion. 
Ipsilateral loss of light 
reflex with retention of 
near reflex ( unilateral 
Argyll- Robertson pupil) 
Lesion Between Decussation and 
Edinger - Westphal Nucleus. 
Loss of ipsilateral direct and 
consenual reaction. Near reflex 
intact 
( unilateral Argyll Robertson pupil) 
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Orientation of the Optic Chiasrn and Optic :Fibers 
Note that a lesion to the Medial Longitudinal 
Fasciculus bilaterally, as seen in Multiple Sclerosis, 
causes decreased ability for either eye to look 
medially during lateral gaze, but, convergence is not 
affected since the pathway for convergence (and 
vertical gaze) is different. This condition is referred 
to as "internuclear ophthalmoplegia" 
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: ................................................................................................ :... : l Shenopalan tine-Pterygopalan tine r .................. : '1111 ..••.•. '11ii~ '"nt.J.in~ 6t~t6 ~ym!P11t6eti' 
! Ganglion r-··········:····'···········i ··· 111114 .r~Ym!Pilt6,tic Jl6m, 
······· .. ··;:····································································! Max11lary i ~" i~ ,arre411 "!i"'li e4!1{erve" 
.•••.... 11 ~~~aJ!8Ci"ni' ·······II•··: N f ••••••••••••••••••••••••••••• , II! Synll£~1111 t~ccur~ 6ere ! erve ~ Zygomatici 
························1 Nerve r·r:·~~·;·i";·~···~ 
I ~ara.syrnpathetic I ........................ 1 N ervei-""-__,l'-------. 
. _ 1nnillltvlltit~n '"ntror~ refCell.. '·················1 . I 111114 illlmoti,n.U tl!o:u1"8 ...................... 111•· Lacrtm.al Gland 
................. u .......................... . 
Sympathetic I , ........ !::~:~:~:~:~~:~:~:::! ......... ~ p~:;::;;~~~~~::~AY ~ Cervical Spinal Cord ~ f.,IT.,w5 t6111 inf1111'i111' ~ C-8 N T-3 i divi.si11n .,f t6111 ,,uf,mt~tlll' 
.S~mpo~t6111tic ji6111r.s ;·······':::::::::::::::::::::::::::::.r:::::::::::::::::::::::::::::::.~ .•••.• ~ t., t6111 C.(iary !7>fiL5cflll 
5~nGf.s1116m ··················Ill•· 1 Superior Cervical Ganglion~ 4nl11'i5 .sp6ind111r 
..-------------···_····_···--{···~:::i:~:i:~:;:~:~::~;;~~~~:i················; ~·s~i~~i~~··ni~·~i~~··~ 
"" aftlllmoJ.tlll dit'lllo:t r~~lltlll r------J , ... A~··'"'"'····'"'"'···""···'"'"'···'"'"'···'"'"'····'"'"'···""···""···'"'"'····~• ----;,of the Oculomotor ' 
·•Ill······ · r·······:·······J. ........... : ..... 1 Plexus i Dee Petrosal i L ............................................. .J t., t6t CJi.,...,,,faf .Yuuf.s 1 Tngem1nal ~ ................................... ~ P i l Ganglion 1 L .......... ~.~.;.~ .......... .J 
, ........................................................... ; .Solll1111 115 ~··············· ·················: l Ophthalmic~ 1lll'll.5ympoJ.t6111 t·i·~·lll•· ~ Vidian l ;:::::.·.~·.·.·.·:.·.·.]:.·.·:.:.·:.·.·.·.·.·.·:.·.·:; l··sp"t~·~·~·~·i~~·~·i·~·~·~p·~·~;·~~p·~·~·t·i"~·~··~ 
fCiii~V-~~~~~i~"=x.~ i .......................... f",~~~~~E~T···················-··-·.J 
'······················x-·····················' ,. ............................. ··························~ l Nerve ' 
rSh~~t··ciii~·y··1 i Long Ciliary Nerves i L. ............. ~ ............... .J 
1 ......... ~:~y~.~ ........ ..1 L ...................................................... ; r-···1~~::~·····1 
"pt115i.s ,,u[,f 
t'lll.suft if ol 
5ympoJ.t6dic 
pr~~6fem, 115 in 
"'mer'.s .SyndY,me 
Choroidal Blood L ................................ : 
......_ Vessels I Iris Dilator Muscle I Lacrimal Gland I Mueller's Muscle 
'VI15IIO::IInstl'idilln ~ufo1tion 11f 6fool fi"w 
.......................................... , 1 ..s"l1.Pi:alo·ii··~ ! SUPERIOR ! l SAGITTAL:?--------------. 
L?.~.~.!.r~·~·~·~·~) ......................................... ~ L ..... ~.~.~.!-!..~ ...... .J r ..... o.cci?lrAL ....... ~ L-----;! CAVERnOUS f ! ................ L ........... ~ .............. ~·:::::::::::::::::::::::::::. .......... ..1, 
, ................ 1.. ..................... -J. ............ ~.~.~.P.".~ ............ J ~ SUPERIORJ :: • COnFLUEnCE : 
; InFERIOR ' 1"..... • PETROSAL : , ................................................. , '······································J· 
1 OPHTHALmiC ! Lr!nFERIO"R ... l L .......................... .; ~GREAT CEREBRAL.l. ...................................... , 
t.. ....................................... : ...... , ; PETROSAL ' l VEin OF GALEn l : ~ PTERYGOID i L. ........................... ,~' ,........................... ........... : ............................................. ;::L. ..... :~~~~~y~·~ ..... ..l 
: PLEXUS ; ' : : ' . :. ........................................ .:. ...... , : TRAnSVERSE i i InFERIOR i 
l InTERnAL i i SinUS l '111:.. . l SAGITTAL i i IDAXILLAR Y 1 '···-r-··································;. ... 1 ··· ... onfy line .P~I'IIIl: i 1 
:... ........................ :·············"··························~ : InTERnAL : o1IT ot6111r.s .s,118r, : SinUS : i EXTERnAL 1 : JUGULAR 1 : .............................. : 
L.. ..... :!..P.":~~;.~~ ....... 1 .......................................... : 
rtaj ot" Venous Routes of the :Eye a.nd: :Bt"ai-n 
~ OculomotorNerve 
.At. 0 TrochlearNerve 
. "' IV 
Internal 0 Ophthalmic Division of V 
Carotid ~ v 0 M&.:xjllary Branch of V to 
CAVERnous smus 
Superior Ophthalmic Vein 
' Lacrimal Nerve 
' Frontal Nerve 
Trochlear Nerve 
Nasociliary Nerve 
Oculomotor Nerve 
Abducens Nerve 
Inferior Ophthalmic Vein 
the Foramen Rotundum 
Infraorbital Artety 
Infraorbital Nerve 
Zygomatic Nerve 
SUPERIOR ORBITAL FISSURE InFERIOR ORBITAL FISSURE 
PassU9eways of Major Ocular VesselS and Nerves 
LEV 
SR 
so 
LR 
IO 
IR 
mR 
LATERAL mEDIAL 
muscuLAR muscULAR SUPRAORBITAL LACRimAL InFRAORBITAL 
XX XX 
XX XX XX 
XX XX 
XX XX 
XX 
XX 
XX 
Note : the above arteries are branches of the Ophthalmic, with the 
exception of the Infraorbital, which is from the External Carotid 
:Bwod: 8upp(y to the £xtnwcu!ar nuscl:es 
XX 
XX 
.SUfoZri"r Ol'liit.U :fi.s.sure : 
A:LACRimAL nERVE 
B: FROnTAL nERVE 
C: en 4 TROCHLEAR 
~ones and Tissun~s of tfJ£ Orbit 
lnf•ri"r 
Ol'liit.U 
:fi.s.sure 
5 
In t6.z JlnnufiLS "f Zinn : 
1 
.....-- ------.., 21"dij "f 
S; 6•n"il 2 
~t6m"il 
lnf.zri"r Ot'liit.U :fi.s.sure: 
:J 
Ld.:rim.U 
I: ZYGOmATIC nERVE 
InFRAORBITAL nERVE 
InFRAORBITAL ARTERY 
Z: SUPERIOR OPH VEin 
D: en 3 SUPERIOR 
E: nASOCILIARY 
F: en 6 ADBUCEnS 
G: en 3 InFERIOR J: PTERYGOPALTinE GAnGLIOn 
H: SYmPATHETIC ROOT 
CILIARY GAnGLIOn 
K: commUniCATIOn BETVEEn THE 
InFERIOR OPHTHALmiC VEin AnD 
THE PTERYGOID PLEXUS 
